S1 Instruments
X-ray diffraction (XRD) patterns were recorded with a Bruker D8 diffractometer using CuKα 1 (λ=0.15405 Å -1 ) radiation with a step of 0.02° at a scanning speed of 0.1°s -1 . Scanning electron microscope (SEM) images were taken by Hitachi S-5500 FE SEM with an accelerating voltage of 5kV without gold coating. N 2 adsorption isotherms were undertaken at 77 K using a Micromeritics ASAP 2020 instrument. Prior to the N 2 adsorption, all samples were evacuated overnight for 24 h at 423 K under vacuum.
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S2 Particle size distribution
For each sample, 100 particles were randomly selected to measure the size by using Hitachi S-5500 FE SEM. The size distribution, together with average size and standard deviation (SD) are shown in Figure S1 . 
S3 BET representation
BET area was calculated by Rouquerol's consistency criteria. 1 The plot on left in Fig S2 was used to select the maximum P/P 0 for calculation. The plot on right in Fig S2 was the BET representation by using selected P/P 0 . The plot was not linear due to the phase transition. 
S5 Equilibrium time
The adsorption/desorption equilibrium time for all samples was shown in Fig S5. Before the structure opening, the adsorption time was different for different samples due to the different flexibility of the structure, which highly affects the diffusion of the molecules. The adsorption time was significantly increased at the onset pressure for the two stepped adsorption process. This is mainly due to the rearrangement of adsorbed gas and filling of new gas molecules at the 4-ring window. After the structure transition, the equilibrium time was declined due to the easy accessibility for the opened structure. The same trend was observed for desorption process. The equilibrium time was increased at the threshold pressure for hysteresis loop due to the structure transition and rearrangement of the remaining gases. ZIF-8-0.14, already in the form of a fine powder, was ground in a pestle and mortar to ensure the sample was fully homogenous. The powder was then loaded into a 0.5 mm quartz glass capillary and secured in place by packing a small ball of class wool on top of the powder. The capillary was then inserted into a brass sealing stub and sealed in place with epoxy resin. Finally the funnel end of the capillary was snapped off and the whole assembly was secured by a Swagelok® fitting in to the I11 gas cell.
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ZIF-8-98
ZIF-8-98 was obtained as large blocky and intergrown crystals. The sample was very gently and briefly ground, to yield a particle size that could be loaded into a capillary. As for the ZIF-8-0.14, the powder was loaded into a 0.5 mm quartz glass capillary and secured in place with a small ball of glass wool. It should be noted that due to the large particle size the packing was significantly less homogenous than normally desirable, however this was necessary to facilitate investigation of the particle size effect on structural responsiveness. After loading, the capillary was inserted into a brass sealing stub and sealed in place with epoxy resin. Finally the funnel end of the capillary was snapped off and the whole assembly was secured by a Swagelok® fitting in to the I11 gas cell.
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Data Collection Details
All diffraction patterns in this work were collected using the in-house developed 90° arc position sensitive detector at beamline I11, 5 collecting 8 partial patterns each at a different δ angle (range δ = 2.0°-3.75°; step size of 0.25°) for 1 sec. Patterns were then summed together to remove the gaps between detector plates. Whilst collecting data, the sample was repeatedly rocked on the θ circle through 30° to provide some powder averaging.
Activation
Both ZIF-8-0.14 and ZIF-8-98 were activated in the same way, first offline for about an hour prior to mounting on the diffractometer using a tube furnace heated to 413 K and under dynamic vacuum provided by a turbomolecular pump (p ~ 1×10 -6 mbar). The sample was then transferred to the diffractometer on beamline I11 at Diamond Light Source (Oxon., UK) 6 and a diffraction pattern was collected. The sample was activated again for a further 20 mins using an Oxford cryostream heated to 413 K and the turbomolecular pump of the I11 gas handling system. 3,4 A second diffraction pattern was collected after activation to check the degree of sample degradation, before the sample was cooled under dynamic vacuum to 80 K, using the cryostream.
In Situ Experiment
Once cooled to 80 K, a diffraction pattern of each sample was collected at a pressure of 0 bar (measured using the I11 gas handling system). N 2 gas was then dosed onto the sample, using the I11 gas handling system. A series of 12 pressure points, approximately equally spaced over the range p(N 2 ) = 0.00-0.10 bar (p/p 0 = 0.00-0.07; p 0 taken as 1.3687 at 80 K) 7 were then collected (Table S1) . A second series 10 of points were collected with wider spacing over the range p(N 2 ) = 0.10-1.35 (p/p 0 = 0.07-0.99) (Table S1 ). At each S9 pressure point, the N 2 pressure in the sample was allowed to equilibrate for 10 mins and the rate of change of the pressure was then observed. If the rate of change was greater than 0.1 mbar in 20 secs, the sample was allowed to equilibrate for a further 5 mins and the rate of change checked again; this process was repeated until the N 2 pressure stabilised. A diffraction pattern of the sample was then collected using the PSD, as described for the activation procedure. 
Data Analysis
Each data set was reprocessed to a data range of 2.0°-55.0° with a bin size of 0.004° 2θ using a bespoke Python script. All indexing, Pawley fitting and Rietveld refinement operations, including parametric Rietveld refinement, were performed using the routines implemented in the TOPAS-Academic v5 suite. 8 It was possible to index all of the diffraction patterns in this work in the reported cubic space group for ZIF-8, 43 ̅ .
Initial Rietveld Refinements
The diffraction patterns measured for both samples under vacuum were indexed and Pawley fitted. A Rietveld refinement was then performed, using the background, peak profile and unit cell parameters S10 determined from the Pawley fit, along with the previously reported activated ZIF-8 structure, 9,10 as a starting model. To account for the poorer averaging of the ZIF-8-98, additional preferred orientation (spherical harmonic model) terms were included in the refinement. To ensure a chemically sensible result, restraints were applied to the Zn-N, N-C and C-C distances, as well as N … C, C … C and N … N non-bonding distances. A further restraint was applied to ensure the imidazolate ring remained flat. The same set of restraints was used for all Rietveld refinements, including the parametric refinement, and these are summarised in Table S2 . Good fits to both sets of data were achieved and refinement quality indicators along with the final refined unit cells are included in Table S3 . In the next stage, diffraction pattern measured at the maximum N 2 pressures for each sample (ZIF-8-0.14: p(N 2 ) = 1.3580 bar, p/p 0 = 0.992; ZIF-8-98: p(N 2 ) = 1.3486 bar, p/p 0 = 0.985) were analysed. Data were indexed and Pawley fits were performed and the profile and cell parameters from these used as starting points for the Rietveld refinement. The respective structure under vacuum was used as a starting point for the refinement, with the restraint set described applied. The positions of the imidazolate linker were then allowed to refine. Once this stabilised, a Fourier difference map was calculated and on the most likely (highest peak) positions, a N 2 molecule was placed. Each N 2 molecule was described as a rigid body, with two N atoms separated by a distance of 1.098 Å; the position of the molecule was described with a 'fake' atom referred to as the Centre Of Mass (COM), placed half way between the two N atoms. Occupancies and orientation of the each molecule were refined first, followed by the position. If molecule's occupancy tended to 0, it was removed and an alternative Fourier difference peak was chosen as an N 2 molecule. By this sequential process a model of the structure of the adsorbed N 2 molecules was developed. In the final cycles of refinement, occupancy and orientation of the N 2 molecules was fixed and the positions and displacement parameters of the N 2 adsorbates and framework were refined together. Good fits to the data were again obtained and the refinement quality indicators are included in Table S3 .
Rietveld Refinements at Intermediate Pressures
To identify structural changes in the samples occurring at intermediate N 2 pressures, diffraction patterns were initially visually inspected for obvious shifts in peak positions. For ZIF-8-0.14, four phases with peaks not consistent with either the evacuated or p(N 2 ) = 1.3580 bar structures were identified, whilst for ZIF-8-98 only three phases were identified. However, it was found that diffraction patterns of ZIF-8-98 measured at p(N 2 ) = 0.0798 and 0.0868 bar contained peaks attributed to either two or three of the other observed phases. Thus, these measurements were discarded in subsequent analysis steps.
Each identified phase was Rietveld refined separately, using the structure nearest in N 2 pressure as a starting point. The framework of each structure was refined using the restraints listed in Table S2 and the S11 structure of the adsorbates was determined using the method described for the p/p 0~1 structures. In the final cycles of refinement, the framework and adsorbate structures were refined together; the final refinement quality indicators are given in Table S3 . Table S3 . List of refinement quality parameters and lattice parameters obtained from the final Rietveld refinements of ZIF-8-0.14 and ZIF-8-98 determined as a function of N 2 adsorbate pressure. 
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Parametric Rietveld Refinement
The individually refined structures were used to set up a parametric Rietveld refinement; during this refinement, the unit cell parameters and atomic positions of these structures were fixed. Initial models of the structures at pressure between the refined structures were derived from the refined structure bounding the range with the highest pressure (e.g. for ZIF-8-0.14 structures between 0.0146 and 0.0794 bar, the 0.0847 bar structure was used rather than the 0.0000 bar structure). Peak profile, background and displacement parameters were constant across all structures. Lattice parameters of the all the unrefined phases were allowed to refine freely. Framework structure was alternately refined with N 2 molecule orientation and occupancy until the refinement was relatively stable, at which point all were refined together. N 2 molecule occupancy was restrained to be greater than the previous structure's occupancy whilst lower than the subsequent structure's, assuming that as the N 2 pressure increases, so the adsorbed amount also increases. Only in the last cycles of refinement were the thermal parameters also refined. Good fits to the data were obtained for the final cycles of both structures -fit quality indicators, and unit cell parameters from the parametric Rietveld refinement are given in Table S4 . 
